Abstract: Spectral behavior of directional couplers and unbalanced Mach-Zehnder interferometers fabricated in glass with a MPC Ti:Sapphire laser is characterized. Spectral features can be controlled by controlling physical device parameters as well as writing speed.
To characterize the directional coupler, light from a continuous wave tunable laser source (Santec) from 1500 to 1600 nm was coupled into the waveguide using single mode fiber. Fig. 2 shows the spectral characteristics of thru and cross port coupling ratios for Lint=1mm and Lint=14mm. The thru and cross port powers vary sinusoidally as expected for long interaction lengths, while the coupling behavior is relatively flat for Lint= 1mm. The variability in spectral data means shorter interaction lengths can be chosen to give wavelength independent behavior when desired, and longer interaction lengths can be used to tailor the wavelength characteristics. 
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Couplers optimized for 3 dB coupling and wavelength independence were used to build an unbalanced Mach-Zehnder Interferometer. Fig. 3 shows the geometrical layout of the Mach-Zehnder Interferometer structure. The difference in path length between the two arms was varied by changing the vertical dimension of the S bends in one arm (D). The total arm lengths can also be changed by varying the straight waveguide region L. Fig. 4(a) shows the spectral characteristics of Mach-Zehnders with different path length differences dL. The output is measured at the thru port and normalized with respect to losses in the straight waveguide. The spectral characteristics show the expected change in spectral period with change in path length difference. The oscillations have high extinction ratios but do not reach 1 at their maxima because normalization with respect to the straight waveguide does not take into account other losses. To demonstrate the ability to adjust waveguide propagation constants, a Mach-Zehnder interferometer with a path length difference of 29 um and L= 5 mm was written with different scan speeds in the straight portions of one arm. As shown in Fig 4(b) , the sinusoidal spectral dependence experiences a shift in phase with change in writing speed. Power was normalized with respect to fiber to fiber coupling. With the assumption that change in writing speed of a straight waveguide produces a change in propagation constant, this shift in phase can be used to estimate the dependence of propagation constant on writing speed. The sensitivity of the Mach-Zehnder Interferometer to small changes in writing speed and propagation constant in one arm demonstrates it has the potential to be used for sensing applications that may cause small amounts of unbalance in propagation between the two arms.
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